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Abstract
Transmit Antenna Selection (TAS) is essential part of future wireless systems to reduce the complexity of multiple antenna
techniques and to satisfy the need of higher data rates. In this paper, we present TAS technique based on Maximal Ratio Combining
(MRC) scheme with multiple antenna selection. The sub optimal antenna selection is carried out for selecting more than one subset
of antenna which minimizes the upper bound of pair wise error probability. The performance analysis of the system is carried
out under Nakagami-m ﬂat fading channel. The Bit Error Rate (BER) analysis is performed for multiple antenna selection in
MIMO-OSTBC system for arbitrary values of ‘m’ in Nakagami-m fading channel.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of organizing committee of the Eleventh International Multi-Conference on Information
Processing-2015 (IMCIP-2015).
Keywords: Maximal ratio combining (MRC); Multiple input multiple output (MIMO); Nakagami-m fading channels;
Orthogonal space time block coding (OSTBC); Transmit antenna selection (TAS).
1. Motivation
Multiple Input Multiple Output (MIMO) wireless systems have multiple antenna elements at both transmitter and
receiver end. MIMO systems with many antenna elements at both link ends are a proﬁcient outcome for future wireless
communications systems because they provide high data rates by making full use of the spatial domain with limited
bandwidth and transmit power1. Space-TimeBlock Coding (STBC) is aMIMO transmit action designed to exploit high
reliability and transmit diversity2. The multiple antenna systems take beneﬁt of space diversity by which transmission
of several parallel data streams can be done to increase the capacity of the system. In order to overcome the hardware
complexity of MIMO systems, an Antenna Selection (AS) technique which selects less number of antennas based on
the channel state information of the system are popular in recent wireless communication systems3. Transmit Antenna
Selection (TAS) is recommended in uplink and downlink of recent wireless systems.
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2. Background Work
In TAS, one or more antennas are selected at transmitter end based on CSI estimated at receiver end4. TAS
scheme with Maximal Ratio Combining (MRC) is proposed in5 for single transmit antenna selection. Here pilot based
training sequences estimates the channel at receiver and based on feedback the single antenna is selected for uncoded
transmission whereas all the other transmit antennas are inactive during transmission of data6. The single antenna takes
less power for transmission as shown in equation (1), we can see that the total power required for all antennas is less
than or equal to power required for single antenna.
N∑
k=1
pk ≤ P (1)
where N the total number of antenna elements is, pk is the power allocated through the kth antenna element, and P is
the power for a single antenna component7. In literature, TAS is proposedwith the assumption that the multipath fading
environment is approximated to either Rayleigh or Rician distribution. In Rayleigh, there is no line of sight component
present between mobile station and base station. The signal gets reﬂected and scattered from different directions. For
simulating high frequency signals propagating in an exospheric channel Rayleigh fading models are used. Though,
Rayleigh fading does not fulﬁl the long distance effects with sufﬁcient accuracy. The Rician fading occurs when there
is a mainly stationary signal component present. The TAS/MRC system for Rician fading channel is given in8.
Nakagami observed this fact ﬁrst, who then formulated a parametric gamma distribution-based density function to
describe the experimental data he obtained9. It is well known that Nakagami-m fading covers a wide range of fading
scenarios via the m (m ≥ 1/2) parameter, which includes the Rayleigh fading (m = 1) as a its special case10. The
Nakagami fading model is used for detection of signals for MRC systems in11. In12, transmit selection diversity with
MRC is proposed for Nakagami fading models. The BER analysis of TAS/MRC system is presented in13. Generalized
antenna selection technique is proposed in14,15 for Nakagami-m fading model. The performance analysis of transmit
antenna selection for MRC system is presented in16. However it is restricted to single antenna selection only.
3. Contribution
This paper presents the performance analysis of TAS/MRC systems in independent ﬂat Nakagami-m fading
channels for arbitrary values of ‘m’ for multiple antenna selection. This paper is an extension of the work presented
in16 for multiple antenna selection. The BER performance of Maximal-Ratio Combining system with multiple
transmit antenna selection in ﬂat Nakagami-m fading channels is carried out. First the Probability Density Function
(PDF) is derived for arbitrary real-values of ‘m’. An interesting conclusion is reached that the diversity order is based
upon the outcome of three parameters: Nakagami parameter ‘m’, the number of transmit antennas and number of
receive antennas. Simulation results are provided to prove the analysis.
The BER analysis is also carried out for TAS/MRC system for various MIMO conﬁgurations such as (4, 1; 4),
(4, 2; 4), (4, 3; 4), and 4×4MIMO systems with and without TAS under the effect of Nakagami-m fading channel. The
further part of the paper is structured as follows: Section 2 introduces the system model and channel model. Section 3
presents BER analysis of TAS/MRC scheme for Nakagami-m fading channel. The performance analysis is carried out
for MIMO-OSTBC system with and without TAS in Section 4 for TAS/MRC system. Section 5 presents conclusion.
4. System and Channel Model
We consider a MIMO wireless system with TAS along with MRC at receiver under a ﬂat Nakagami-m fading
channel. Let ‘Lt’ number of transmit antennas and ‘Lr ’ number of receive antennas where (Lt ; Lr ) represents the
system without antenna selection.
Figure 1 shows the system block diagram. Let ‘H ’ is the channel matrix with dimensions Lt × Lr and hi, j are
the channel fading coefﬁcients where 1 ≤ i ≤ Lt and 1 ≤ j ≤ Lr . These fading coefﬁcients are the samples of
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Fig. 1. System block diagram.
Nakagami-m fading function. Then the amplitude |hi, j | follows a Nakagami distribution with fading parameter ‘m’.
The generalized equation for received signal at the input of receiver is given by
y = hx + n (2)
where ‘y’ is received signal vector, ‘x’ is OSTBC encoded signal vector, ‘h’ is channel gain matrix and ‘n’ is noise
vector.
Here pilot based training sequence is send from every antenna towards the receiver. At receiver end MRC value
for every antenna is calculated. The index of single selected transmit antenna, denoted by I , can be determined by
equation as in (3). The single selected transmit antenna, denoted by ‘I ’ which maximizes the total received signal
power and is determined by8
I = argmax
1≤i≤Lt
⎧⎨⎩Ci =
Lr∑
j=1
|hi, j |2
⎫⎬⎭ (3)
We assume that the channel remains constant for a transmission of data and this constant within block varies
independently.
Let γ indicate the instantaneous SNR of the MRC output, or instantaneous post-processing SNR. For a (1, Lr )
MRC system with a single transmit antenna and Lr receive antennas in Nakagami-m fading channels, so the PDF of
γ is given by15
pγ (γ ) = γ
mLr−1(
γ¯
m
)mLr
(mLr )
exp
(
−m γ
γ
)
(4)
where the gamma function is deﬁned as −γ (z) = ∫∞0 xz−1e−x dx , and the average SNR γ¯ = EsN0 , in which ES is
the average energy per symbol at the transmitter and N0 is the power spectral density of the Additive White Gaussian
Noise (AWGN) at each receive antenna. For a random real-valued ‘m’, the Cumulative Distribution Function (CDF)
of γ is calculated as
pγ (γ ) =
γ
(
mLr ,m γγ
)
γ (mLr )
(5)
where (α, x) = ∫ x0 e−t tα−1 dt , Re > 0, is the lower incomplete gamma function. We are using equation (4) and (5)
for further analysis of BER calculations for Nakagami fading. The single antenna selection case proposed in16 uses
equation (3).
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Here we present the multiple antenna selection based on sub optimal selection method. While selecting the subset
of antenna we ﬁrst select antenna which will provide maximum value of MRC as given by equation (3). Further all
subsets are arranged in ascending order of MRC. Let us arrange Ci in increasing order of magnitude, and denote
them by C(l), where 1 ≤ l ≤ Lt , and C(1) ≤ C(2) ≤ · · · ≤ C(Lt ). The instantaneous post-processing SNR of the
(Lt , 1; Lr ) TAS/MRC system, denoted by γ (Lt ), can be written as γ (Lt ) = C(Lt )γ¯ .
Consider the channel matrix H = [hi j ] where hi j ∼ CN (0, 1) is the channel gain between the i th transmit and
j th receive antenna. H˜ ∈ CLr×N consists of the channel gains for the N selected transmit antennas and Lr received
antennas which is a sub matrix of the channel matrix H˜ ∈ CLr×Lt . Let us consider h j where ( j = 1, 2, . . . , Lt )
is the columns of the channel matrix H . Here we can sort these columns as per the increasing order of Norms,
‖hi1‖ ≥ ‖hiLt ‖ where ik ∈ {1, 2, . . . , Lt } and the order of the indexes i1, i2, . . . , iLt is, in general, different from the
order of the indexes 1, 2, . . . , Lt . Here we can select the best possible transmit antenna which will try to minimize the
BER.
Let Pr (Ci → C j | H{P1,P2,...,PQ}) denote the pair wise error probability when a space-time codeword Ci is
transmitted but C j is decoded for the given channel H{P1,P2,...,PQ}, j 
= i . For an effective channel H{P1,P2,...,PQ}
with Q columns of H chosen, an upper bound for the pair wise error probability for orthogonal STBC (OSTBC) is
given as15
Pr (Ci → C j | H{P1,P2,...,PQ }) = Q
⎛⎝√ρ‖H{P1,P2,...,PQ}Ei, j‖2F
2NT
⎞⎠
≤ exp
(
−
ρ‖H{P1, P2, . . . , PQ}Ei, j ‖2F
4NT
)
(6)
By using this upper bound, we can select Q number of antennas which will minimizes the upper bound given by
equation (6) as
{Popt1 , Popt2 , . . . , PoptQ } = argmax
P1,P2,...,PQ∈AQ
‖H{P1,P2,...,PQ}Ei, j ‖2F
= arg max
P1,P2,...,PQ∈AQ
H{P1,P2,...,PQ}Ei, jEHi, j H H{P1,P2,...,PQ} (7)
The average SNR on the receiver side with Q selected antennas of {Pi }Qi=1 is given as
η{P1,P2,...,PQ} =
ρ
Q ‖H{P1,P2,...,PQ}‖
2
F (8)
As per equation (7) and (8) we are selecting the subset of antenna which will maximize the received SNR. After the
optimal selection of Q number of antennas the average received SNR is given by
ρ
Q ‖H‖
2
F ≥ η{P1,P2,...,PQ } ≥
ρ
NT
(9)
This shows that we can achieve the diversity order of NT × NR antennas without TAS by using optimal antenna
selection in Equation (9). Here we assumed that H follows Nakagami-m distribution.
5. BER Analysis for TAS/MRC System in Nakagami Fading Channel
The BER performance for TAS/MRC system is presented in16 for single TAS in Nakagami-m fading channel.
We are extending the same mathematical formulation further for the case of multiple antenna selection. In order to
calculate the exact BER, we have to consider the PDF of instantaneous channel gain. The instantaneous BER for
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BPSK can be given as PE (β) = Q(√kβγ¯ ) where β = γ which is channel power gain. The average BER is given as
per16 is
PE =
2t a
(
t + 32
)
√
π(t + 1) (kγ¯ )
−(t+1) + o(γ¯−(t+1)) (10)
Further for single TAS/MRC system this can be approximated to
PE =
mmLt Lr 
(
mLt Lr + 12
)
2
√
π[(mLr + 1)]Lt (γ¯ )
−(mLt Lr ) + x (11)
Here we assume that k = 2 for BPSK and x = o(γ¯ −mLt Lr ). Now ‘m’ and Lr are constant and integers. From this
for single antenna selection combination (Lt , 1; Lr ) we have the BER equation as
PE = m
mLt Lr (2mLt Lr − 1)!
22mLt Lr [(mLr )!]Lt (2mLt Lr − 1)! (γ¯ )
−(mLt Lr ) + x (12)
This we can be further extended to the case of multiple antenna selection. Let us assume that the case of 4 transmit
antenna and we will select 2 antennas out of 4. Now for the combination of (4, 1; Lr ) we can ﬁnd the probability of
error as given below
P1 = m
4mLr (8mLr − 1)!
28mLr [(mLr )!]4(8mLr − 1)! (γ¯ )
−(4mLr ) + o(γ¯−4mLr ) (13)
Further we can calculate the P2 in similar way as mentioned in15. Now looking at to equation (7), the optimum
value of both P1 and P2 can be calculated for the case of two antenna selection. Therefore for the case of (4, 2; Lr)
the overall BER can be obtained from equation (7). The sub optimal based selection is done which is based on the
pair-wise error probability obtained from equation (7). The best subset is selected in increasing order of MRC value
as mentioned in section 4. This subset is selected such that the upper bound of pair wise error probability will be
minimized as given in equation (8). It is also possible to carry out the analysis in decreasing order of selection.
6. Performance Analysis
The performance of system is analyzed for Bit Error Rate (BER) for various conﬁgurations such as (4, 1; 4),
(4, 2; 4), (4, 3; 4), and 4 × 4 MIMO systems with multiple TAS and without TAS for Nakagami-m fading channel.
We ﬁrst try to show the PDF of Nakagami fading model for various values of ‘m’. Figure 2 shows the PDF of
Nakagami-m distribution given by equation (4) for arbitrary values of m by keeping the shaping factor constant.
From graph we can see that the Nakagami-m fading covers a wide range of fading scenarios via the m(m ≤ 1/2)
parameter. The Rayleigh fading can be achieved for (m = 1) as a special case of Nakagami fading. The most practical
approximation of the channel can be possible for the m > 2. The multiple antenna selection case for Alamouti for
MIMO-OSTBC system is simulated for BER analysis.
Figure 3 shows the BER analysis comparison for 4×4 MIMO with and without TAS. Here we compare the TAS for
single and two antenna selection along with without TAS case. The BER performance improves with (4, 1; 4) MIMO
with single antenna selection compare to 4 × 4 MIMO without TAS for Nakagami-m fading channel. Similarly it can
be seen that the system performance improves with two transmit antenna selection for (4, 2; 4) compare to (4, 1; 4)
system.
The concept of multiple antenna selection is further extended according to equation (7) for more than one antenna.
Figure 4 shows that the BER performance increases as we go on increasing the number of subset of antennas selected.
As shown in Fig. 4, The performance improves for (4, 3; 4) compare to (4, 2; 4) and (4, 1; 4) case. This shows that
multiple antenna selection gives better performance compare to conventional MIMO conﬁgurations.
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Fig. 2. Nakagami-m PDF for various values of m.
Fig. 3. BER analysis for MIMO-OSTBC system with multiple TAS in Nakagami-m fading channel.
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Fig. 4. BER analysis for MIMO-OSTBC system with multiple TAS in Nakagami-m fading channel.
Fig. 5. BER analysis comparison for single TAS for various values of ‘m’ in Nakagami-m fading channel.
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The arbitrary values of ‘m’ in Nakagami-m fading gives different fading distributions as shown in Fig. 2. Therefore
it is necessary to verify the performance of the system with TAS for different fading distributions. Figure 5 shows
the BER performance for single TAS system for m = 0.5, 1 and 2. The case for m = 1 is a Rayleigh distribution.
The performance is nearly similar even for m = 0.5 case of very large fading distribution.
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